Previous Works
LoRa technology was deployed by SemTech in 2012 as open source network and supported by LoRa Alliance. LoRa operates in unlicensed industrial, scientific and medical (ISM) radio bands using chirp spread spectrum innovation where each symbol is sent using a wide frequency band. The operating frequency used mostly in Europe is 868MHz and in the United
States is 915MHz [2] [3] . In Malaysia, Lora was tested using 433MHz where this frequency is under the unlicensed spectrum in the country. Several studies have been conducted on LoRa performance at 868 MHz modulation [4] [5] .A comparison of LoRa in 868 MHz and 433 MHz was done by [6] in Europe.In urban environment, the IoT is aiming to develop smart cities with capabilities to provide a number of benefits in the management and optimization of traditional public services such as transport, parking system, lighting, tank level monitors, surveillance and so forth [7] [8] . Other than urban application, LoRa-based network has also been deployed in maritime setting [4] .However, not much work has been done up to this date on LoRa propagation performance in the tropical climate environments.
Objective
The main objective of this paper is to present the performance of LoRA modulation at 433
MHz in the tropical climate environment in Malaysia. From these initial results, further analysis may be pursued for deeper understanding of LoRa performance in the tropical environments.
BASICS OF LORA TECHNOLOGY

LoRa Characteristics
LoRa progresses under LPWAN technologies where this wireless communication system runs K. A. Ahmad et al. J Fundam Appl Sci. 2017, 9(3S) , 384-394 386 under a low power and long range of network, which makes it an interesting product for smart sensing technology in public infrastructures such as home automation, health wellbeing monitoring and smart metering. LoRa was designed to deploy end devices with limited energy consumption so that these end devices need not to transmit more than one byte at a time. Thus, this increases the battery lifetime of the devices up to 10 years [9] . In LoRa modulation, the spreading of the spectrum is achieved by addressing a chirp spread spectrum modulation which means it uses frequency chirps with variation of frequency over time to transmit signal with integrated forward error correction (FEC). The Semtech LoRa transceivers also secures bi-directional communication, both uplink and downlink transmission between transmitter and receiver. Among key properties of LoRa modulation include high robustness of the system, long range capabilities, low power consumption, bandwidth scalable, Doppler resistant and ranging or localization. Due to the high robustness of the system, i.e. its high bandwidth (BW) times symbol duration (T) or BWT product (which means BWT>1) where this spread spectrum takes more spectrum than they really need, LoRa signal will be highly resistant to signal interference. This device is both bandwidth and frequency scalable, for an instance, Semtech SX1272 has programmable bandwidth of 500 kHz, 250 kHz and 125 kHz.
Since it is using the concept of chirp spread spectrum, this device operates under a wider bandwidth which results in low power consumption and demodulates 19.5dB below the noise floor [10] . Doppler resistant occurs because of the mobility of a source of signal causing a small shift in the frequency of LoRa pulse.
Key Parameters
Several parameters that should be taken to account in LoRa modulation scheme are the bandwidth (BW), spreading factor(SF), coding rate (CR) and carrier frequency. Taking the Semtech SX1272 as an example, the carrier frequency or centre frequency is in the range of 860MHz and 1020MHz programmable in steps of 61Hz [2] . Spreading factor is defined as the ratio between the symbol rate and the chip rate. The chip rate is equivalent to the bandwidth of the system. For example, if the transceiver uses a programmable bandwidth of 125 kHz, the chip rate shall be 125kbps and can be calculated as 2
SF
. The higher the spreading factor, the higher is the signal to noise ratio and increasing the data packets and also time on air of the
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packet. In relation, higher spreading factors denote slower chirps. Bandwidth is the most important parameter of LoRa modulation since the chip rate depends on the bandwidth. The higher bandwidth could give higher data rate but lower sensitivity due to additional noise.
Fig.1 below demonstrates LoRa modulation and explains how the bandwidth is closely related
to the chirping rate. There is a series of upward chirps where the maximum band of frequency is reached and downward chirps where minimum frequency is reached. The discontinuity in the frequency described by the figure below shows that encoded information is being transmitted. Therefore, by doubling the bandwidth, the transmission rate also doubles. 
RESULTS AND DISCUSSION
This section presents the measurement results. First, it presents the measurement results of the LOS propagation test over outdoor environment around the campus of the National Defence University of Malaysia (NDUM). To this end, around 1000 packets were sent from the LoRa device to the receiver and the RSSIof received packets were recorded. All packets were sent with a bandwidth of 125 kHz, coding rate of 4/5 and spreading factor of 128chips/symbol. In the second part, the parameters were configured to test on the effects of bandwidth and spreading factor on the reception. Finally, propagation effect in NLOS environment is to be presented.
Line-of-Sight (LOS) Test
In the LOS test, RSSI were measured for various ranges between the transmitter and the receiver. The transmitter was placed at ground level at coordinates 3.048577, 101.722600.
The ranges were varied from 20 m to 1500 m under urban environment around NDUM (Fig.   2) . However, as shown in Table 1 Theoretically, the higher the SF, the longer the range it can propagate but with lower bitrate.
the effect of LoRa's SF and BW in tropical climate, several measure SF and BW of LoRa. Fig. 3shows the test setup around Putrajaya.
point to get a good LOS to the receiver. The separation between both of these devices is approximately 2 km and the elevation differences is about was sought out even though there is no perfect direct path .3.Test setup for SF and BW variations , the RSSI were extracted and as the packet data were be received possibly due to the atmospheric attenuation. In
Hz with SF 128 chips/symbol gives a higher RSSI Hz with the same SF. This indicates higher BW allows the signal to travel bandwidth 31.25kHz with spreading factor of 512 chips/symbol the lowest even though the SF was higher the 125 kHz and 500 k Hz bandwidth, the one with the higher SF had the higher RSSI.
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where the most defining factor is the SF.
, the longer the range it can propagate but with lower bitrate.
the effect of LoRa's SF and BW in tropical climate, several measurements were around Putrajaya. The
. The separation between elevation differences is about 80 m. For was sought out even though there is no perfect direct path.
were being transmitted, he atmospheric attenuation. In Table 2 , RSSI compared to the BW allows the signal to travel bandwidth 31.25kHz with spreading factor of 512 chips/symbol, the was higher the 125 kHz and 500 kHz BW. Lastly, for
Hz bandwidth, the one with the higher SF had the higher RSSI. With the information provided, it can be noticed that as the SF decreased, the RSSI value also decreased for a constant bandwidth. Since this technology operates in a wideband spread spectrum, higher spreading factor is applied in a LoRa modulation to achieve long range communication with higher data rates. Data is sent out as chip rate since it is equivalent to bandwidth. In order to evaluate the time on air, the symbol period, T s is defined as:
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As can be observed in Table 3 , the symbol period (time on air) increased with increased SF.
But when the bandwidth increased, the symbol period decreased since the bandwidth is wider and thus the time taken to transmit data is faster. Non-line-of-sight (NLOS) condition is established when the transmitted signal reached the receiver not by the direct path, but by other means such as reflection and diffraction. One of the features of LoRa is its ability to perform well in a multipath channel that the signal can still be received even after it passed through two or more walls of buildings. Besides, low frequencies provide great penetration of brick walls, trees and concretes so these frequencies usually have less loss than high frequency bands [11] . Hence, the NLOS test was setup in suburban environment where the signal strength where measured after it passed through a K. A. Ahmad et al. J Fundam Appl Sci. 2017, 9(3S) , 384-394 392 number of buildings. The test was conducted around residential area at Jalan Medan Bakri, Muar, Johor. The LoRa transceiver was tested with an output power of +20dBm. Table 4 shows the RSSI taken after being tested over 8 buildings. From the results, it can be observed that the signal was able to be received even after passing through a number of buildings which indicates its ability to propagate in NLOS condition where the degradation of the RSSI values was highly gradual. climates suffered from some attenuation. Since LoRa uses chirp spread spectrum scheme, improvement in range could be achieved by manipulating the SF and BW of the signal but consideration must be given on their effects on the transmission bit rate. Nevertheless, LoRa's ability for its signal to propagate in NLOS condition was promising even in the tropical climate.
